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E-mail address: converti@unige.it (A. Converti).Inulin behaved as a prebiotic to improve ﬁrmness of skim milk fermented by (a) pure cultures of Lacto-
bacillus acidophilus (La), Lactobacillus rhamnosus (Lr), Lactobacillus bulgaricus (Lb) and Biﬁdobacterium lactis
(Bl), (b) binary co-cultures of them with Streptococcus thermophilus (St), or (c) a cocktail containing all
them. Inulin addition to co-cultures and cocktail enhanced products ﬁrmness, either after 1 day (D1)
or 7 days (D7) of cold storage, likely due to the increase in microbial growth induced by metabolic inter-
actions among lactic acid bacteria and partial inulin metabolization. Co-culture ﬁrmness did in fact range
from 0.33 N without inulin (St–Lb) after D1 and 0.55 N with inulin (St–Lr) after D7. Also cocktail cultures
exhibited high values of ﬁrmness, ranging, as an average, from 0.43 N (D1) to 0.46 N (D7), which suggests
that they could have been potentiated by the reciprocal synergistic effects of microorganisms in complex
mixture.
 2011 Elsevier Ltd. Open access under the Elsevier OA license.1. Introduction (Ruas-Madiedo et al., 2007). As a result, EPSs can improve techno-Technological and milk compositional parameters, like total sol-
ids content, temperature, food ingredient ﬁbers (inulin, oligofruc-
tose and others), exopolysaccharides and synergistic interactions
between microorganisms, have been reported to inﬂuence the
structural characteristics of fermented products. Since all these
factors modulate the growth of lactic acid bacteria (LABs), they
are in fact decisive to improve the quality of dairy products and
consequently their sensory characteristics and physical properties
such as ﬁrmness and viscosity (Donkor et al., 2007; Kristo et al.,
2003; Oliveira et al., 2009; Ruas-Madiedo et al., 2002).
LABs are well-known probiotics. Conceptually, probiotics are
live microorganisms which confer beneﬁcial effects for host health
when they are consumed in appropriate quantities (FAO, 2002).
However, to produce them, probiotics should be present in the
product in viable counts during their whole shelf-life. It has been
recommended that the minimum dose able to assure therapeutic
effects should be in the range 7–9 log CFU/mL (Dave and Shah,
1997; Kailasapathy and Rybka, 1997).
Several LABs, such as Streptococcus thermophilus, lactobacilli
and biﬁdobacteria, are able to direct some part of the sugar pool to-
ward biosynthesis of exopolysaccharides (EPSs) (Mayo et al., 2010;
Tamime, 2005), which can be loosely attached to the cell surface
forming some kind of capsules or are secreted to the environmentlsevier OA license. 
x: +39 0 10 3532586.logical characteristics of fermented dairy products, like stability
and texture, and may also offer protection to cells against phage at-
tack, desiccation and osmotic stress (Ruas-Madiedo et al., 2002),
thus behaving as prebiotics. Nowadays, the prebiotic concept has
in fact emerged and termed as non-viable and non-digestible
ingredients that stimulate gut microbiota (Aryana et al., 2007).
According to Tamime (2005), prebiotics are generally oligosaccha-
rides, whose degree of polymerization ranges between 2 and 20
monomers, which are metabolized by health beneﬁcial bacteria
and improve immunity to ﬁght against pathogenic organisms.
Ruas-Madiedo et al. (2007) reported the effect of EPSs from lactic
acid bacteria in human physiology at different levels. Apart their
prebiotic potential, EPSs have been identiﬁed as blood choles-
terol-lowering, immunostimulatory, antitumoral and antiulcer
agents (Ruas-Madiedo et al., 2002; Tamime, 2005).
Among prebiotics, inulin is a soluble and fermentable ﬁber
named fructan that reaches the large intestine practically intact, is
then hydrolyzed in the upper section of the intestine and is fer-
mented by bacteria (Carabin and Flamm, 1999; Tamime, 2005). Re-
cently, Oliveira et al. (2011) demonstrated that the supplementation
of skim milk with inulin, even at a low concentration, signiﬁcantly
improves the growth and viability of Lactobacillus acidophilus, Lacto-
bacillus rhamnosus and Biﬁdobacterium lactis in non-fat fermented
milk. In this way, inulin can substitute fats in non-fact functional
dairy products, conferring themalmost the similar sensorial proper-
ties (Akın et al., 2007; Coussement, 1997; Cruz et al., 2010).
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Fig. 1. Firmness of skim milk fermented without inulin by binary co-cultures of S.
thermophilus with L. bulgaricus (St–Lb), L. acidophilus (St–La), L. rhamnosus (St–Lr)
and B. lactis (St–Bl) and by a cocktail containing all the strains together (CKL).
Storage time at 4 C after the end of fermentation: ( ) 1 day; ( ) 7 days.
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biotic interactions between probiotics deserve to be explored for
the production of new dairy functional foods with improved qual-
ity. To this purpose, the present study aims at shedding light onto
the inulin capability to improve the ﬁrmness, after short-term cold
storage, of skimmilk fermented by L. acidophilus, L. rhamnosus, Lac-
tobacillus bulgaricus and B. lactis, either in pure cultures or in binary
co-cultures with S. thermophilus or in a cocktail containing all
them.
2. Materials and methods
2.1. Microbial cultures
Five pure commercial starter freeze-dried cultures (Danisco,
Sassenage, France) were used in this study, speciﬁcally the yoghurt
microorganisms S. thermophilus TA040 (St) and L. delbrueckii subsp.
bulgaricus LB340, from here onwards called L. bulgaricus (Lb), and
the probiotics L. acidophilus LAC4 (La), L. rhamnosus LBA (Lr) and
B. animalis subsp. lactis BL 04, from here onwards called B. lactis
(Bl).
2.2. Milk and inoculum preparations
Milk prepared adding 13 g of skim powder milk (Molico, Nestlé,
Araçatuba, Brazil) in 100 g of distilled water was either used as
such (M) or supplemented (SM) with 40 mg of inulin/g (trade
name: Beneo™) (Orafti Active Food Ingredients, Oreye, Belgium).
Both milks were thermally treated at 90 C for 5 min in a water
bath, model 550 THE (Fisatom, São Paulo, Brazil). Heated milks
were transferred to 1.0-L sterile ﬂasks, cooled in ice bath, distrib-
uted into 250-mL sterile Schott ﬂasks inside a laminar ﬂow cham-
ber, and stored at 4 C for 24 h before use.
All strains were weighted in sufﬁcient amounts to get initial
counts of 106 CFU/mL, and their suspensions were prepared by dis-
solving each culture in 50 mL of sterilized skim milk (121 C for
15 min) and activated at 42 C for 15 min before use.
2.3. Fermentations
After inoculation, ﬂask samples were transferred to a water
bath assembled to a CINAC (Cynetique d´acidiﬁcation, Ysebaert,
Frépillon, France) system that allowed continuously measuring
and recording the pH and evaluating the acidiﬁcation rate along
each run. Batch fermentations were carried out in quadruplicate
at 42 C and stopped when the pH reached 4.5.
2.4. Firmness
Fermented milk ﬁrmness was measured in quadruplicate on 50-
mL samples at 8 C using a TA-XT2 Texture Analyzer (Stable Micro
Systems Ltd., Godalming, UK). The operating conditions were: P/
25P acrylic type probe (diameter of 2.5 cm), 10 mm penetration,
and 10 mm/s speed. Firmness was determined as the maximum
penetration and expressed in N.
2.5. Microbial analyses
Bacteria were enumerated in triplicate after storage of the fer-
mented skim milk at 4 C either for 1 day (D1) or for 7 days (D7).
Aliquots (1.0 mL) of each sample were diluted with 9 mL of 1 g/L
sterile peptonated water. After serial dilutions, bacteria were
counted by the pour plate technique. St colonies in co-cultures
were counted in M17 agar after aerobic incubation at 37 C for
48 h. Lb, La and Lr were enumerated in MRS agar, after pH adjust-ment at 5.4 with acetic acid and aerobic incubation at 37 C for 48,
72 and 72 h, respectively. Bl was enumerated in MRS agar contain-
ing 50 g/L cysteine without any pH adjustment (IDF, 2003).
St and Lb in cocktail were enumerated in M17 and MRS at pH
5.4, respectively, after aerobic incubation at 37 C for 48 h. After
incubation at 37 C for 72 h in anaerobic jar, La, Bl and Lr were enu-
merated in MRS plus 10 lL/mL clindamycin (pH 6.2), RCA plus
1 lL/mL dicloxacillin (pH 7.1) and MRS plus 0.5 lL/mL vancomycin
(pH 6.2), respectively. M17 and MRS (pH 5.4) were prepared
according to Dave and Shah (1996). All media were obtained from
Merck (Darmstadt, Germany).
Anaerobic conditions were ensured by the use of AnaeroGen
(Oxoid, Basingstoke, UK). Colony forming units (CFU) were enu-
merated in plates containing 30–300 colonies, and cell concentra-
tion was expressed as log CFU/mL.
2.6. Statistical analyses
Experimental design of ﬁrmness and viable counts, either after
1 day or 7 days of cold storage, were presented as mean values,
while variations with respect to the mean values were presented
as standard deviations. The variances within treatments followed
a normal distribution (Granato et al., 2011). Mean values of these
parameters were submitted to analysis of variance (ANOVA) by
the Statistica Software 6.0. They were compared using the Tukey’s
test at a signiﬁcant level p < 0.05, and different letters were used to
label values with statistically signiﬁcant difference among them.3. Results and discussion
3.1. Firmness
Figs. 1 and 2 show the ﬁrmness, with and without inulin,
respectively, of skim milk fermented by binary co-cultures of S.
thermophilus with L. bulgaricus (St–Lb), L. acidophilus (St–La), L.
rhamnosus (St–Lr) or B. lactis (St–Bl), both after 1 day (D1) and
7 days (D7) of storage at 4 C, as well as by a cocktail containing
all the strains together (CKL).
S. thermophilus, Lactobacillus spp. and Biﬁdobacterium spp. are
well known to inﬂuence the fermented milk textural properties,
and the effects of these microorganisms and low temperature stor-
age on ﬁrmness have already been studied (Dave and Shah, 1998;
Donkor et al., 2007; Kristo et al., 2003; Tamime, 2005; Trachoo and
Mistry, 1998). However, tests carried out in this work by Texture
Analyzer on milk fermented by pure cultures demonstrated that
only St induced sufﬁcient ﬁrmness. In pure cultures of this micro-
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Fig. 2. Firmness of skim milk fermented with 40 mg of inulin/g by binary
co-cultures of S. thermophilus with L. bulgaricus (St–Lb), L. acidophilus (St–La),
L. rhamnosus (St–Lr) and B. lactis (St–Bl) and by a cocktail containing all the strains
together (CKL). Storage time at 4 C after the end of fermentation: ( ) 1 day; ( )
7 days.
Fig. 3. Viable counts in skim milk fermented by binary co-cultures of S. thermo-
philus with L. bulgaricus (St–Lb), L. acidophilus (St–La), L. rhamnosus (St–Lr) and B.
lactis (St–Bl), after 1 day and 7 days of storage at 4 C. ( ) Milk without inulin; ( )
Milk supplemented with 40 mg of inulin/g. Error bars are standard deviations with
respect to the mean values of triplicate analyses of quadruplicate fermentations.
Different letters mean statistically signiﬁcant difference among the values, accord-
ing to the test of Tukey (p < 0.05).
38 R.P. de Souza Oliveira et al. / Journal of Food Engineering 107 (2011) 36–40organism, this parameter did in fact vary only from 0.30–0.31 N
after D1 to 0.33–0.35 N after D7 (results not shown); therefore, it
was almost negligibly inﬂuenced by the storage time. This result
is consistent with the well-known fact that St is the microorganism
responsible for yoghurt ﬁrmness and explains why it is used in
industrial preparations in much higher enumeration than the other
lactic bacteria.
As illustrated in Figs. 1 and 2, the ﬁrmness of co-cultures was
remarkably improved compared to pure cultures, ranging from
0.33 N (St–Lb in M) to 0.49 N (St–Lr in SM) after D1 and from
0.37 N (St–Lb in M) to 0.55 N (St–Lr in SM) after D7, as the likely
result of interactions between microorganisms. Such an interac-
tion, probably characterized by a synergistic effect, could be ex-
plained with the discovery that S. thermophilus produces little
amounts of formic acid and CO2 (Mayo et al., 2010) that can stim-
ulate the growth of lactobacilli, while Lactobacillus spp. are able to
release peptides by a serine protease of the subtilisin family
(known as PrtR in the case of L. rhamnosus) that stimulates the
growth of S. thermophilus (Nakada et al., 1996; Siezen, 1999). It is
well known in fact that higher microbial growth is one of the
causes of a ﬁrmness increase in yoghurts (Donkor et al., 2007; Ta-
mime, 2005). These results are consistent with the remarkably
lower values of generation time of all these microorganisms in
co-cultures and cocktail cultures compared to pure cultures (Oli-
veira et al., 2011).
Consistently with previous observations in similar system
(Damin et al., 2008), St–Lr exhibited statistically higher (p < 0.05)
ﬁrmness (0.38–0.55 N) than the other co-cultures (0.33–0.47 N),
as a consequence of the slow fermentation ability of Lr suggested
by its tg value. As a matter of fact, as regards to tg values, Oliveira
et al. (2011) reported for L. rhamnosus in binary co-culture a value
of 0.76 h, whereas St, La, Lb and Bl showed 0.27, 0.53, 0.45 and
0.57 h, respectively.
The results of Figs. 1 and 2 also demonstrate that the ﬁrmness of
the fermented milks was enhanced signiﬁcantly (p < 0.05) not only
by inulin addition as a prebiotic (14% increase as an average), but
also by an increase in the time of cold storage (13% increase as
an average). As far as the effect of storage time on ﬁrmness is con-
cerned, such an increase was consistent with the effect of time on
the moisture content during storage (Andreatta et al., 2009).
On the other hand, the enforcing effect of inulin has been justi-
ﬁed in the literature by a number of different causes. First of all, the
direct dependence of ﬁrmness on the total solid content (Dave and
Shah, 1998; Kristo et al., 2003; Penna et al., 1997; Tamime, 2005;
Trachoo and Mistry, 1998), which increased in this study from0.132 to 0.156 g/g as the result of inulin addition. According to
Robinson (1999), inulin would raise the viscosity as a consequence
of the higher total solid content, hence increasing the ﬁrmness. The
increase in viscosity due to the addition of ﬁber has also been
attributed to interactions between oligo- or poly-saccharides, like
inulin, and dairy proteins (Fernández-García et al., 1998; Sodini
et al., 2002; Syrbe et al., 1998). One additional hypothesis to ex-
plain inulin effect is that this prebiotic can stimulate the metabo-
lism of LABs, as the likely result of the increased level of fructose
released from its partial hydrolysis, which was metabolized as an
additional carbon and energy source (Mayo et al., 2010; Tamime,
2005). According to Ruas-Madiedo et al. (2002, 2007) the ﬁrmness
increase may be due to the release of exopolysaccharides (EPSs)
from glucose, galactose, or other monosaccharides by a combined
action of different types of glycosyltransferases (Laws et al.,
2001). Four major consecutive steps of EPS biosynthesis in LABs in-
volve sugar transport into the cytoplasm, synthesis of sugar-P,
polymerization of repeating unit precursors, and ﬁnally EPS export
outside the cell (Laws et al., 2001; Welman and Maddox, 2003). So,
besides the early-mentioned causes, inulin could have also pro-
vided additional energy to potentiate EPS biosynthesis, thus conse-
quently improving ﬁrmness and viscosity properties.
A similar effect was demonstrated by Cho et al. (1999) and Ta-
mime (2005) for the protein content. Oliveira et al. (2001) observed
an increase in ﬁrmness from 0.12 to 0.20 N when milk was supple-
mented with whey and from 0.71 to 0.86 N with milk proteins. The
above enforcing effect of storage at 4 C is in agreement with the
Fig. 4. Viable counts in skim milk fermented by a cocktail containing S. thermo-
philus, L. bulgaricus (Lb), L. acidophilus (La), L. rhamnosus (Lr) and B. lactis (Bl), after
1 day and 7 days of storage at 4 C. ( ) Milk without inulin; ( ) Milk supplemented
with 40 mg of inulin/g. Error bars are standard deviations with respect to the mean
values of triplicate analyses of quadruplicate fermentations. Different letters mean
statistically signiﬁcant difference among the values, according to the test of Tukey
(p < 0.05).
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ﬁrst week of storage (Barrantes et al., 1994; Martin et al., 1999;
Zourari et al., 1991).
On the other hand, no report is available in the literature about
the effect of a complex probiotic cocktail on yoghurt ﬁrmness, to
which the last part of this work has been addressed. The simulta-
neous use of all the microorganism in the cocktail provided aver-
age values of ﬁrmness, either after D1 (0.43 N) or after D7
(0.46 N), signiﬁcantly higher than using the binary co-cultures
(0.38 N after D1 and 0.43 N after D7), which suggests that all the
above causes could have been potentiated by the reciprocal syner-
gistic effects of microorganisms in complex mixture.
These results suggest that the potential advantages associated
to the use of a microbial cocktail would not be limited to the
improvement of growth and fermentation kinetics as previously
proposed (Oliveira et al., 2011), but include also the textural char-
acteristics of fermented skim milks. They also open the possibility
of using similar cocktails to produce new functional dairy fer-
mented products.3.2. Viable cell counts
Figs. 3 and 4 show the microbial analyses of skim milk fer-
mented by binary co-cultures and a cocktail, respectively, of S.
thermophilus with L. bulgaricus (St–Lb), L. acidophilus (St–La), L.
rhamnosus (St–Lr) and B. lactis (St–Bl), either with or without inu-
lin, after 1 day or 7 days of storage at 4 C.Whereas St viable cell counts either in binary co-cultures or in
cocktail were not signiﬁcantly inﬂuenced (p > 0.05) by the type of
microorganism, the presence of inulin and the storage duration,
in binary co-cultures, apart from Lb, inulin stimulated the growth
of the other lactic bacteria, with particular concern to Bl, whose
counts dramatically increased from 7.5–7.6 to 9.1 log CFU/mL,
either after 1 day or 7 days of storage at 4 C (p < 0.05). This result
not only conﬁrms the positive effect of inulin on viable cell counts
already reported (Donkor et al., 2007; Oliveira et al., 2009, 2011),
but also suggests the occurrence of a synergistic effect between
St and the others microorganisms.
In the cocktail, contrary to La, Lb and Bl, the average counts of Lr
(6.8 log CFU/mL) were signiﬁcantly lower than in binary co-culture
and below the limit (7.0 log CFU/mL) recommended to assure ther-
apeutic effects (Dave and Shah, 1997; Kailasapathy and Rybka,
1997).4. Conclusions
The present work dealt with the effect of inulin as a prebiotic
and synbiotic interactions between S. thermophilus, L. bulgaricus,
L. acidophilus, L. rhamnosus and B. lactis in pure cultures, binary
co-cultures and cocktail cultures to improve ﬁrmness and viable
cell counts of non-fat fermented milk. Results obtained using the
binary co-cultures and cocktail cultures, in combination with inu-
lin, point out inulin as an interesting prebiotic to get functional
dairy products.
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